Development of High Temperature Platinum TSVs  by Gueye, R. et al.
Procedia Engineering 25 (2011) 1513 – 1516
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.12.374
Available online at www.sciencedirect.com
3URF(XURVHQVRUV;;96HSWHPEHU$WKHQV*UHHFH
'HYHORSPHQWRI+LJK7HPSHUDWXUH3ODWLQXP769V
5*XH\H7$NL\DPD'%ULDQG1)GH5RRLM
(FROH3RO\WHFKQLTXH)pGpUDOHGH/DXVDQQH(3)/
,QVWLWXWHRI0LFURHQJLQHHULQJ,07
6HQVRUV$FWXDWRUVDQG0LFURV\VWHPV/DERUDWRU\6$0/$%1HXFKkWHO6:,7=(5/$1'

$EVWUDFW
:HUHSRUWRQKDUVKHQYLURQPHQWFRPSDWLEOH3W769VIRUPLQJRKPLFFRQWDFWVZLWKDKLJKO\GRSHGEXON
VLOLFRQ7KH\ZHUHGHYHORSHGDVDSDUWRID6LQJOH:DOO&DUERQH1DQR7XEH6:&17UHVRQDWRUGHYLFH
ZLWK 'SDFNDJLQJ 7KH IXQGDPHQWDO SURSHUWLHV RI WKH 769V H[SHULPHQWDOO\ REWDLQHG ZLWK EXON 6L
LQVWHDGRI WKH UHDOZRUNLQJGHYLFH DUHSUHVHQWHG2XU FRQFHSW IRU WKHGHYLFH IDEULFDWLRQ LV ³YLD ILUVW´
IROORZHGE\WKHQDQRGHYLFHIDEULFDWLRQ$VVXFKILUVWRKPLFFRQWDFWVRQVLOLFRQKDVEHHQVWXGLHGWREH
FRPSDWLEOHZLWKVHYHUDOKDUVKSRVWSURFHVVLQJVWHSVLQFOXGLQJKLJKWHPSHUDWXUHWUHDWPHQWV²XSWR&
LQDLU²DQGFRQFHQWUDWHG+)EDVHGUHOHDVHVWHSV7KHQ769VZLWKVWDQGLQJWKHDIRUHVDLGFRQGLWLRQVKDYH
EHHQGHYHORSHG7KHVHLQWHUFRQQHFWVDUHDOVRRILQWHUHVWIRU0(06GHYLFHVRSHUDWLQJDWKLJKWHPSHUDWXUH

.H\ZRUGV7KRXJK6LOLFRQ9LDVKLJKWHPSHUDWXUHRKPLFFRQWDFWVSODWLQXP62,'SDFNDJLQJ
,QWURGXFWLRQ
7KURXJK6LOLFRQ9LDV769VDUHQRZDGD\VJLYLQJDWXUQLQJSRLQWLQWKH0(06SDFNDJLQJILHOG7KH\
SURYLGH HOHFWULFDO VLJQDO WUDQVSRUWDWLRQ WKURXJK WKH EXON DOORZLQJ GHYLFHV VWDFNLQJ DQG KHWHURJHQHRXV
GHYLFHVLQWHJUDWLRQLQDPLQLPXPRIVSDFHDQGWLPH,QD³9LDILUVW´DSSURDFKWKH769VDUHIDEULFDWHG
SULRUWRWKHPDLQHOHFWURQLFGHYLFHLQRUGHUWKDWWKHFKDUDFWHULVWLFVRIWKHPDLQGHYLFHDUHQRWLQIOXHQFHG
E\ WKH 769V IDEULFDWLRQ %XW WKLV DSSURDFK UHTXLUHV WKDW WKH 769V KDYH WR EH FRPSDWLEOH ZLWK WKH
SURFHVVLQJVWHSVQHFHVVDU\WRPDNHWKLVPDLQGHYLFH
,QRXUFDVHWKHHOHFWURQLFGHYLFHLVD6:&17UHVRQDWRUILJJURZQE\&9'RQ)HUULWLQEDVHG)H
FDWDO\VW>@WKHJURZWKSURFHVVLVFDUULHGRXWDW&,QD³9LDILUVW´DSSURDFKKLJKWHPSHUDWXUH769V
DUH UHTXLUHG IRU LWV '3DFNDJLQJ$OWKRXJK VWXGLHV RQ769V EHLQJ FRPSDWLEOHZLWK KLJK WHPSHUDWXUH
WUHDWPHQW DUH QRW VR PDQ\ WKH\ DOUHDG\ VKRZQ WKDW KLJK WHPSHUDWXUH SURFHVVLQJ LQIOXHQFHV WKHLU
SURSHUWLHV>@PRUHRYHUWKHFRPPRQO\XVHG&RSSHU769V>@KDYHWKHLUXVHOLPLWHGLQWHPSHUDWXUH
,Q RUGHU WR DFKLHYH D 6:&17 UHVRQDWRUZLWK DOO HOHFWULFDO LQWHUFRQQHFWV WKURXJK769V WKH IROORZLQJ
WKUHHSRLQWVDUHWKH769VUHTXLUHPHQWV
 
&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVURNKD\DJXH\H#HSIOFK
Open access under CC BY-NC-ND license.
1514  R. Gueye et al. / Procedia Engineering 25 (2011) 1513 – 1516
7HPSHUDWXUHHIIHFWRQ7D3WFRQWDFWVRQKLJKO\
ERURQGRSHG6L



  
99
,$
&
&
&
x )LUVWO\WKH769VVKRXOGKDYHRKPLFFRQWDFWVZLWKWKHVLOLFRQGHYLFHOD\HURID62,ZDIHUXVHGIRU
WKHUHVRQDWRUDQGSHULSKHULHV
x 6HFRQGO\VLQFHWKH&17LVYHU\IUDJLOHDQGSRVWSURFHVVLQJYHU\OLPLWHGD³9LDILVW´DSSURDFKZDV
VHOHFWHG ZLWK WKH 769V VWLOO H[KLELWLQJ DQ RKPLF EHKDYLRXU DIWHU WKH &17 JURZWK SURFHVV 7KH
JURZWKSURFHVVFRQVLGHUHGLVFDUULHGRXWDWDWHPSHUDWXUHRI&ZLWKHYHQWXDOO\WKHSUHVHQFHRI
R[\JHQ
x 7KLUGO\ WKH&17 UHVRQDWRU QHHGV WR EH UHOHDVHG E\ HWFKLQJ D 6L2 VDFULILFLDO OD\HU LQ +) 
ZKLFKVKRXOGEHZLWKVWRRGE\WKH769V
7KLVVWXG\ LVDSURRIRIFRQFHSW IRU WKH&17UHVRQDWRU LQWHJUDWHGZLWK769VRQ62,ZDIHUEXW WKH
H[SHULPHQWVKDYHEHHQGRQHZLWKEXONVLOLFRQ






0HWDOVLOLFRQRKPLFFRQWDFWVZLWKVWDQGLQJKLJKWHPSHUDWXUH
2KPLF FRQWDFW EHWZHHQ WKH PHWDO OLQH IRUPHG LQ WKH YLD DQG WKH EDFN RI WKH VLOLFRQ GHYLFH WR EH
FUHDWHGRQWKHWRSLVHVVHQWLDO:HILUVWLQYHVWLJDWHGRQWKLVSRLQW7D3WPHWDOFRPELQDWLRQZDVFKRVHQDV
WKHFRQGXFWLYHPDWHULDORZLQJ WR WKHJRRGFRQGXFWLYLW\DQGVWDELOLW\DWKLJK WHPSHUDWXUHRI WKHPHWDOV
6PDOO WHVW VWUXFWXUHV )LJ DZHUH IDEULFDWHG DQG DQQHDOHG DW GLIIHUHQW KLJK WHPSHUDWXUHV'LIIHUHQW
VLOLFRQ VXEVWUDWHV :FP:FP13W\SHZHUH WHVWHG7KHEHVW UHVXOWVZHUHREWDLQHGZLWK WKH
KLJKO\ERURQGRSHGVLOLFRQ2KPLFFRQWDFWVZHUHDFKLHYHGULJKWDIWHUWKHPHWDOHYDSRUDWLRQ7DQP
3WQPE\HEHDPDQGFRXOGZLWKVWDQGWKHDQQHDOLQJDW&IRURQHKRXULQDLU)LJE
  

  

 



)LJD6FKHPDWLFRIWKHWHVWVWUXFWXUHXVHGIRUWKHVWXG\LQWHPSHUDWXUHRI7D3WHOHFWULFDOFRQWDFWVRQVLOLFRQ7KHFRQWDFWDUHDLV
P[PWKHSDGVL]HP[PDQGWKHPHWDOOLIWHGRIIRQ36LFPE&RUUHVSRQGLQJ,9FXUYHVDIWHU
DQQHDOLQJDWGLIIHUHQWWHPSHUDWXUHVGXULQJKLQDLU
$OWKRXJKWKHFRQWDFWVDUHVWLOORKPLFWKHDQQHDOLQJVOLJKWO\DIIHFWHGWKHFKDUDFWHULVWLFRIWKHFRQWDFWV
WKHVSHFLILFFRQWDFWUHVLVWLYLW\LQFUHDVHGZLWKWKHDQQHDOLQJWHPSHUDWXUH$IWHUDQQHDOLQJIRUKDW&
WKH UHVLVWDQFH LQFUHDVHG IURP P:FP WR ҏP:FP WR ҏP:FP ZKHQ DQQHDOHG UHVSHFWLYHO\ DW
&DQGDW&ZLWKWKHVDPHFRQGLWLRQV
2KPLFFRQWDFWVSDVVLYDWLRQ
6LQFHWKHRKPLFEHKDYLRXURIWKH7D3W6LFRQWDFWKDVWREHSUHVHUYHGDIWHUWKH&17JURZWKDQGLWV
UHOHDVH SURFHVV LQ +)  ZH FRQVLGHUHG D VLOLFRQ QLWULGH ILOP GHSRVLWHG E\ /3&9' DW & DV
)LJ&RQFHSWRIWKH&17UHVRQDWRULQWHJUDWHG
ZLWK769VRQ62,ZDIHUPPP
2KPLFFRQWDFWEHWZHHQ7D3W
DQG6LGHYLFHOD\HU &17
&RQWDFWSDG
6L2
6L1
7D3W
&U$X
6L
ED
6L2PP
6L1QP
7D3W
QPQP
6LPP6L1
6L
3UREH 3UREH
3W769
1515R. Gueye et al. / Procedia Engineering 25 (2011) 1513 – 1516
6WXG\RIVLOLFRQQLWULGHOD\HUSDVVLYDWLRQHIIHFW



  
99
,$
D
E
F
G
)LJ  ,9 FXUYHV RI 7D3W QPQP FRQWDFWV
RQD36LFPD7D3WFRQWDFWVDQQHDOHGDW
&GXULQJKLQDLUZLWKRXWDQ\SDVVLYDWLRQOD\HU
E $QQHDOHG DW & GXULQJ K LQ DLU DQG WKHQ
VXEMHFWHG WR ZHW +) GXULQJ  PLQ ZLWKRXW
SDVVLYDWLRQF3DVVLYDWHGZLWKDVLOLFRQQLWULGHOD\HU
QR DQQHDOLQJ  G 3DVVLYDWHGZLWK D VLOLFRQQLWULGH
OD\HUWKHQDQQHDOHGDW&GXULQJKLQDLU
G
FD
E
SDVVLYDWLRQ OD\HU ,QGHHG 6L1 LV DQ R[\JHQ GLIIXVLRQ EDUULHU WKHUHIRUH LW SURWHFWV WKH FRQWDFW DUHD
DJDLQVWR[LGDWLRQDWKLJKWHPSHUDWXUH0RUHRYHUILJXUHVKRZVWKDWGXULQJWKHZHW+)UHOHDVHSURFHVV
WKHHOHFWULFDOSURSHUWLHVRI WKHFRQWDFWDUHVHYHUHO\DIIHFWHG WKHUHIRUHDSDVVLYDWLRQ OD\HU LVPDQGDWRU\
)LJXUHDOVRVKRZV WKDW WKH6L1ILOPVXFFHVVIXOO\SURWHFWV WKHRKPLFFRQWDFWVGXULQJDQDQQHDOLQJDW
KLJKWHPSHUDWXUHGXULQJKLQDQR[\JHQDWPRVSKHUHDQGDOVRGXULQJDZHW+)UHOHDVHVWHS$VD
UHVXOW QPRI/3&9'6L1KDVEHHQ VHOHFWHG DVSDVVLYDWLRQ OD\HU IRU6L7D3W FRQWDFWV GXULQJ WKH
IHZPLQXWHV+)UHOHDVHVWHS 



 






7KH RKPLF FRQWDFW FKDUDFWHULVWLFV ZLWK D SDVVLYDWLRQ OD\HU KDYH EHHQ VWXGLHG7KH RKPLF FRQWDFW LV
IRUPHG GXULQJ WKH GHSRVLWLRQ RI WKH VLOLFRQ QLWULGH SDVVLYDWLRQ OD\HU DQG WKH PHWDOOL]DWLRQ LV WKHQ
VWDELOL]HG WKH FRQWDFW UHVLVWLYLW\ UHPDLQV DURXQG  P:FP DQG GRHV QRW YDU\ GXULQJ D VXEVHTXHQW
DQQHDOLQJDVORQJDVWKHDQQHDOLQJLVOLPLWHGLQWLPHDQGWKHWHPSHUDWXUHLVORZHURUHTXDOWR&
769VIDEULFDWLRQ 
$IWHUKDYLQJLGHQWLILHGSDVVLYDWHG7D3WPHWDOOL]DWLRQRQKLJKO\ERURQGRSHGVLOLFRQZDIHUDVRXUEHVW
SDUDPHWHUV IRU FRQWDFWV ZLWKVWDQGLQJ KLJK WHPSHUDWXUH DQG ZHW +) SURFHVVHV 3W.2+769V ZHUH
IDEULFDWHGDVDSURRIRIFRQFHSWRQR[LGL]HGVLOLFRQZDIHUVILJXUHVKRZVWKHSURFHVVGHWDLOV















)LJ3URFHVVIORZIRUWKH.2+3W769VIDEULFDWLRQIRUGHPRQVWUDWLRQ

PGHHSSLWVZHUHHWFKHGE\.2+LQWKHVLOLFRQZDIHU36LP5 FP7KHHGJHV
RIWKHSLWVKDYHEHHQWDSHUHGE\HWFKLQJILYHPRUHPLFURPHWHUVRI6LLQ.2+EXWWKLVWLPHZLWKRXWDQ\
PDVN )LJ D 7KHQ WKH SLWV KDYH EHHQ LVRODWHG ZLWK D  QP WKLFN 6L2 OD\HU D  QP WKLFN
/3&9'6L1OD\HUKDVEHHQDGGHGDVGLIIXVLRQEDUULHU
$EDFNVLGHOLWKRJUDSK\SURFHVVKDVEHHQUHDOL]HGWRRSHQFRQWDFWZLQGRZVRQWKHVLOLFRQGHYLFHOD\HU
:H FKRRVH WKH VSUD\ FRDWLQJ WHFKQLTXH LQ RUGHU WR KDYH D EHWWHU KRPRJHQHLW\ RI WKH UHVLVW LQVLGH WKH
PGHHSFDYLWLHV%XWWKHPDLQGLIILFXOW\RIWKLVVSUD\FRDWLQJVWHSLVWRFRYHUWKHFDYLWLHVHGJHVZLWK
6L1
6L2
7D3W
6L
5HVLVW
$O
1516  R. Gueye et al. / Procedia Engineering 25 (2011) 1513 – 1516
,9FXUYHVEHWZHHQWZR769V



  
99
,$
$IWHUPHWDO
GHSRVLWLRQ
$QQHDOLQJDW
&GXULQJ
KLQDLU
WKHUHVLVWZHDYRLGHGWKDWSUREOHPE\DGGLQJEHIRUHWKHVSUD\FRDWLQJDQPWKLFNDOXPLQLXPOD\HU
HYDSRUDWHGRQO\DWWKHFDYLWLHVHGJHVWKURXJKDVWHQFLOPDVN7KH$OOD\HULVXVHGDVDPDVNWRSURWHFWWKH
HGJHV RI WKH FDYLWLHV GXULQJ WKH VXEVHTXHQW HWFKLQJ VWHS )LJE $IWHU WKH EDFNVLGH OLWKRJUDSK\ WKH
GLHOHFWULF OD\HUVZHUH HWFKHG WR UHDFK WKH KLJKO\GRSHG VLOLFRQ DW WKH ERWWRPRI WKH SLWV XVLQJ D'5,(
SURFHVV)LJF7KHWRSDQGEDFNVLGHRIWKHZDIHUZHUHHOHFWULFDOO\FRQQHFWHGE\HYDSRUDWLQJWKH7D3W
QPQPLQWKHSLWVWKURXJKDVKDGRZPDVNE\HEHDPHYDSRUDWLRQQPRIVLOLFRQQLWULGHFDQ
EHHQGHSRVLWHGDQGSDWWHUQHGE\/3&9'DVSDVVLYDWLRQOD\HU)LJG














)LJXUHVKRZVWKDWWKH769VH[KLELWDQRKPLFEHKDYLRXUDIWHUWKHPHWDOGHSRVLWLRQZHYHULILHGWKDW
WKHRKPLFEHKDYLRXURIWKH769VLVNHSWDIWHUDQQHDOLQJDWKLJKWHPSHUDWXUHILJ)LQDOO\WKH/3&9'
VLOLFRQQLWULGHSDVVLYDWLRQOD\HUFDQEHGHSRVLWHGDQGSDWWHUQHGLIUHTXLUHG
&RQFOXVLRQ
:H KDYH GHPRQVWUDWHG D SURFHVV IRU WKH IDEULFDWLRQ RI SDVVLYDWHG KLJK WHPSHUDWXUH 3W769V ZLWK
RKPLFFRQWDFWVRQDVLOLFRQGHYLFHOD\HURID62,ZDIHU7KHVHLQWHUFRQQHFWVDUHRILQWHUHVWIRUWKH'
SDFNDJLQJZLWKD³YLDILUVW´DSSURDFKRIGHOLFDWHGHYLFHVUHTXLULQJSURFHVVHVLQKDUVKFRQGLWLRQVVXFKDV
WKHJURZWKRI6:&17VDQGDOVRIRU0(06GHYLFHVRSHUDWLQJDWKLJKWHPSHUDWXUH
769V DUH QRZDGD\V FUXFLDO IRU 5)0(06 SDFNDJLQJ WKHUHIRUH WKH 5)SDUDPHWHUV RI WKHVH KLJK
WHPSHUDWXUH3W769VDUHJRLQJWREHPHDVXUHGDQGRSWLPL]HGLQIXWXUHVWXGLHV
$FNQRZOHGJHPHQWV
7KLVUHVHDUFKKDVEHHQIXQGHGE\1DQR7HUDFKDSURJUDPRIWKH6ZLVV&RQIHGHUDWLRQHYDOXDWHGE\
616)7KHWHFKQRORJ\KDVEHHQGHYHORSHGDWWKH&HQWHURI0LFURDQG1DQR7HFKQRORJ\&0LDW(3)/
LQFROODERUDWLRQZLWKWKH0LFURV\VWHPV7HFKQRORJ\'LYLVLRQDWWKH&6(0LQ1HXFKkWHO6ZLW]HUODQG
5HIHUHQFHV
>@ /'XUUHUHWDO³6:17JURZWKE\&9'RQ)HUULWLQEDVHGLURQFDWDO\VWQDQRSDUWLFOHVWRZDUGV&17VHQVRUV´6HQVRUVDQG
$FWXDWRUV%±
>@ *.DWWLHWDO³7HPSHUDWXUHGHSHQGHQWHOHFWULFDOFKDUDFWHULVWLFVRI7KURXJK6L9LD769LQWHUFRQQHFWLRQV´,QWHUQDWLRQDO
,QWHUFRQQHFW7HFKQRORJ\&RQIHUHQFH,,7&%XUOLQJDPH&$-XQH'2,,,7&
>@ 7)DáDWHWDO ³769FRQVWUDLQWV UHODWHG WR WHPSHUDWXUHH[FXUVLRQSUHVVXUHGXULQJPROGLQJPDWHULDOVXVHGDQGKDQGOLQJ
ORDGV´0LFURV\VWHP7HFKQRORJLHV-XQH9ROXPH1XPEHUS'2,V
>@ '7H]FDQHWDO ³6ORSHG7KURXJK:DIHU9LDV IRU':DIHU/HYHO3DFNDJLQJ´(OHFWURQLF&RPSRQHQWVDQG7HFKQRORJ\
&RQIHUHQFH86$0D\-XQH'2,(&7&
)LJ   ,9 FXUYHV EHWZHHQ WZR .2+3W 769V ZLWKRXW
VLOLFRQQLWULGHSDVVLYDWLRQ
)LJ  %DFNVLGH YLHZ RI WKH ZDIHU .2+ SLWV HOHFWULFDOO\
LQVXODWHGDQGHOHFWULFDOFRQWDFWVRQWKHVLOLFRQRSHQHGDWWKH
ERWWRP
